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PURPOSE:
This paper analyses the international construction sector from a macroeconomic point of view through production functions. The aim is to contribute additional knowledge on the European construction sector, highlighting differences in the industry among European countries
DESIGN/METHODOLOGY/APPROACH:
In order to analyse the sector panel data from 1996-2005 for nine European countries were used. Raw data was obtained from Eurostat (Bach Project).
Variables for the production functions were chosen after a correlation analysis.
Annual turnover was taken as the dependent variable, whereas total assets and personnel costs were the independent variables. The econometric regression models considered were linear (bivariate and multivariate) and logarithmic (CobbDouglas).
FINDINGS:
In spite of the limitations stated bellow, there are some factors that can explain the results obtained, such as the diverse preponderance of small and medium enterprises and the different roles played by informal economy, migration and subcontracting in each of the countries.
RESEARCH LIMITATIONS/IMPLICATIONS:
Data collected by Eurostat is provided by the enterprises voluntarily. This implies a bias in the representativeness of the data. Thus, the discrepancies and inconsistencies in the results obtained are a direct consequence of the data limitations. Furthermore, the regression models obtained should be tested using future data to predict the behaviour of the construction industry in each one of the countries.
ORIGINALITY/VALUE:
The use of production functions in the construction industry is a novel approach that should be further developed to gather more precise information on the behaviour of the sector.
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INTRODUCTION
Construction activity within the EU-27 in 2006 (FIEC, 2007 ) generated almost 1,200 Billion Euros (10.4% of the EU's Gross Domestic Product) and it engaged more than 15 million people (more than 7% of all employment), being the largest industrial employer in the EU-27. Furthermore, the sector is formed by more than 2.7 million companies, mostly small and medium enterprises or SMEs (FIEC, 2007) .
During recent years, five countries have contributed more than threequarters of the total production of the EU (Eurostat, 2007; Seopan, 2007) :
Germany, the United Kingdom, France, Italy and Spain. In the construction industry, there is a clear north/south distinction; some countries (France or Spain, for instance) maintain rigid and inflexible systems based on Roman Law and Napoleonic Codes, whereas other countries (the United Kingdom mainly) rely more on liberal market values and Common Law, and the others remain somewhere in the middle (Winch, 2000) . Nevertheless, even though the industry is crucial for economies as a whole, it has not been subjected to analysis as have other sectors. The lack of research is even more problematic when the focus is international construction and when macroeconomic data are needed.
On a European level, the lack of academic scrutiny is also pronounced.
Janssen (2000) examined the competitiveness of the industry in the EU from three aspects: investment, production and the labour process. Winch (2000) highlighted differences among country members inside the Union. Druker and Croucher (2000) analysed working practices in Europe, specially the use of overtime and the type of contracts, including subcontracting. Clarke and Wall (2000) characterised the division of labour in the United Kingdom, Germany and The Netherlands. Several years later, Lillie and Greer (2007) evaluated European policy making on labour in the United Kingdom, Germany and Finland, while Fellini et al. (2007) explored international migration flows affecting the European construction industry. Finally, innovation in the European construction industry has been addressed by several authors using different approaches (Pries and Janszen, 1995; Gann, 2000; Miozzo and Dewick, 2002; Eurostat, 2002) .
On a larger scale, other researchers (Bon, 1988 , Bon and Pietroforte, 1990 , Bon, 2000 , Pietroforte and Gregori, 2003 examined the macroeconomic indicators of the construction industries of several highly developed countries over a period of 20 years using input-output tables. They identified two important characteristics: the decreasing economic importance of the industry to a national economy and the transformation of its technologies. Bon and Crosthwaite (2001) extended this work to incorporate international activity of national industries, to identify market trends at the regional, national and metropolitan level.
Other authors (Ruddock, 2000 (Ruddock, & 2002 Ruddock and Lopes, 2006) indicated the limitations of this approach and suggested that time series statistics of one country, rather than cross-sectional data across countries, was a more effective approach to permit the identification of trends. In a further study, Lopes et al. (2002) applied these recommendations to developing countries in subSaharan Africa.
Huan and Pin (2000) listed a number of successful examples of implementation of regression techniques to the construction industry in order to model relationships among variables, quantifying how a dependent variable is linked to a set of explanatory variables; these models were also used as forecasting tools. Wong et al. (2007) and Dikmen et al. (2009) examined the complexities of the Hong Kong and Turkish construction industries respectively, utilising time series data and causal relationship analysis. This paper takes the procedures developed by these authors and utilises a multi-variable production function regression approach to analyse both cross-sectional and time series data for a selection of European construction industries to identify key variables and likely trends in macro-economic performance indicators.
PURPOSE AND STRUCTURE OF THE PAPER
The research described in this paper aims to answer three questions, asserted as objectives:
To deepen the knowledge of the European construction industry.
To highlights differences in the construction industry performance characteristics among European countries.
To establish econometrics models that could be used to predict the behaviour of the European construction industry.
It is the intention of the authors that the results would enhance the corpus of Pan European Construction industry knowledge and could be utilised to predict future national Construction Industry behaviours based on Pan European macroeconomic input data.
Regarding the structure of the paper, production functions are proposed as mathematical models to explain differences among countries through time. As suggested by Ofori (2003) , a panel of countries is considered in the research and both the cross-sectional and time series data from 1996 to 2005 are examined.
The sources of data available are first enumerated; afterwards the variables are selected and justified for the proposed models. The econometric regression models are established and verified; the results are also analysed and then debated. Finally, the limitations of the research are discussed and conclusions are drawn.
DATA SOURCES
Generally, the success of any econometric analysis depends on the availability of the appropriate data (Gujarati, 2003) . This is especially true in the construction sector, as several authors have asserted (Ofori, 2000; Ruddock, 2000; Lopes et al., 2002) . The quantitative analysis of these real economic phenomena is based on the concurrent development of theory and observation, related by appropriate methods of inference. The types of data available for empirical analysis are time series, cross-section and pooled data (a combination of the former two); pooled data becomes a panel if the same cross-sectional unit is surveyed over time.
The Statistical Office of the European Communities (Eurostat) publishes harmonised data on Switzerland and each of the EU countries (Eurostat, 2007) .
Within Eurostat, the BACH Project (Bank for the Accounts of Companies Harmonised) contains information of accounts from most European countries, in addition to data from the United States and Japan. It is collected via official agencies in each country using information provided voluntarily by construction companies. The data available in the BACH Project corresponds to the period 1996 (Eurostat, 2006 . The nine countries studied are Austria (AUT), Belgium (BEL), Germany (DEU), Spain (ESP), Finland (FIN), France (FRA), Italy (ITA), The Netherlands (NLD) and Portugal (POR); these will be referred to as EU-9 from now on. For Finland, the series begins in 1999.
As can be inferred, the United Kingdom is the only major country in terms of construction output, which is not analysed herein given the lack of accurate data. Furthermore, even for the chosen nine, the additional problem of the multiple sources of data persists, even though it is channelled through the Eurostat office.
According to the European Commission (2003), three criteria can be considered to define a SME: number of employees, annual turnover, or annual balance sheet. Even though the most frequently used criterion is the number of employees, this research will utilise the annual turnover to avoid any distortions resulting from the subcontracting of manpower in the sector. Small companies (SM) are those with a business turnover less than 10 million Euros; medium companies (MD) are those whose business output is between 10 and 50 million Differences between the average number of workers for the EU-9 and each individual country can be summarised as follows. More smaller companies are located in Finland, Belgium and The Netherlands, whereas the larger ones are found in Germany, Italy and Spain, possibly because the importance of the industry in the overall economies of these countries prompted a concentration of enterprises, in the case of Germany at the beginning of the 1990s and in the case of Spain at the end of that decade.
PRODUCTION FUNCTION AND VARIABLES
A production function is a mathematical model that describes all the possible outputs or products that can be obtained from all the combinations of inputs that are efficient in a managerial activity. The production function supposes a given state of technology; each technological change modifies the production function. In general, the production function could be expressed, simply speaking, as a relationship between outputs (products) and inputs (capital and
This research utilises a linear model with one independent variable and with two independent variables. The linear model expresses the dependent variable as a linear function of one or more independent variables. A bivariate or two-variable model relates the dependent variable to a single independent variable, whereas multivariate or multiple models relates the dependent variable to two or more independent variables. In this research, the linear model with one independent variable and with two independent variables, is used. They may be Finally, the classic Cobb-Douglas production function (logarithmic-linear with two independent variables) of economic analysis is used as well:
In this expression, the relationship between the output and the inputs (labour and capital) is non-linear, but can be linearised into a three-variable linear model by logarithmic transformation:
• lnQ=d+α*lnK+β*lnL.
The main property of the Cobb-Douglas function is that the sum α+β gives information about the returns to scale. If the sum is equal to 1, there is constant return to scale. If the sum is less than 1, there is decreasing return to scale.
Finally, if the sum is greater than 1, there is increasing return to scale. After preliminary analysis of the data, certain variables (number of companies, number of workers, owner's equity and fixed assets) must be discarded given the lack of consistency of the complete series. Thus, two variables are considered in this study:
Dependent or explained variable: annual turnover (PR).
Independent or explanatory variables: total assets (AC) and personnel costs (GP).
All variables are measured in thousands of Euros. They are homogenised by dividing the global magnitudes by the number of enterprises and obtaining the average per company for each country and year from 1996 to 2005 (except Finland, whose series is three years shorter); the average for the EU-9 per year is also included (EUTM). These panel data are presented in table 2, where logarithmic values of the three variables were also computed.
INSERT TABLE 2 HERE
Annual turnover for some countries is not as high as expected, according to the global data per country published officially (Eurostat, 2006; . The turnover increases for Portugal, and quite a lot for Spain, from 1996 onwards; the Spanish real estate boom is well reflected in the data;
The turnover decreases at the start of the series and increases at the end for Austria, Germany, France and Italy; for the first two countries, the low period is considerable in magnitude and time, the recovery beginning in 2003, whereas, for France and Italy, it is light and short, with recovery starting in 1998.
The profile for the entire EU-9 is similar to that just described, with a decreased drop in 1999. It is clear that the influence of the German crisis is reflected in the global data, delaying the recovery year from 1998 to 1999.
Regarding personnel costs, they do not increase in the same proportion as does the annual turnover. From the perspective of the construction industry, inconsistency can be found in the four major members:
Germany For the entire EU-9, comparing 1997 to 2003 (similar turnover), personnel costs fell by 20%. As discussed later, company size, informal economy, migration, and subcontracting may explain these differences.
As presented in table 3, the statistics were calculated per country and per variable: mean (or average), standard deviation, minimum and maximum, using the statistical software SPSS for Windows.
INSERT TABLE 3 HERE
A correlation matrix per country was calculated and is presented in table 4. The coefficient of correlation (r) measures the degree of association between two variables (or the sample co-variation between them). If the two variables are statistically independent, then the coefficient of correlation is zero; however, the opposite is not always true. The degree of correlation varies among the countries.
It is very high for Austria, Germany and Portugal; fairly good for Finland, France and The Netherlands; and low for Italy. For the EUTR, it is better than for the EUTM.
INSERT TABLE 4 HERE

REGRESSION MODELS
Applying regression analysis to the econometric model yields the estimation of the production function. Multivariate linear model, using total assets (AC) and personnel costs (GP) as independent variables; Cobb-Douglas model, using total assets (AC) and personnel costs (GP) as independent variables. Table 9 provides the best adjusted models. Only regressions with R2C better than 0.9 are presented. After this process of selection, only Austria and Portugal obtain positive results, whereas Germany, Finland, The Netherlands and the European Union as a whole obtain negative economies of scale.
INSERT TABLE 9 HERE
ANALYSIS AND DISCUSSION OF RESULTS
The construction industry in each nation is affected by problems that distort the data and provide a slightly different analysis per country. Many authors have stated the problems that influence the international, and naturally, the European construction industry (Winch, 2000; Ofori, 2003) . Some of these problems must be considered in order to understand the results obtained in previous sections: unreliable data; predominance of the SME companies (DTI, 1998; Sorrell, 2003; Pearce, 2003; Eurostat, 2007) ; the informal economyundeclared work, shadow economy or black market - (Schneider and Enste, 2000; Schneider, 2002; Pearce, 2003; European Commission, 2004) ; the legal or illegal migration (Wells, 1996; Winch, 1998; Janssen, 2000; Fellini et al., 2007; Lillie and Greer, 2007) ; and the high degree of subcontracting (Winch, 1998; Druker and Croucher, 2000; Clarke and Wall, 2000; Fellini et al., 2007) . These issues are discussed in the following paragraphs.
Even though the Eurostat Office, through the BACH Project, intends to
give harmonised information on each of the countries and the EU as a whole, it is still far from achieving this ambitious purpose. This opinion has also been stated by some European organisations that also use Eurostat data as their source Furthermore, more countries have been joining the EU in recent years, some of them coming from socialist economic patterns of government. Every country has its own peculiarities, not only regarding economic, financial or fiscal issues but also cultural factors and weather conditions. Some of them agree easily to comply with the directives and give current and valuable data, whereas others see compliance from an intrusive point of view. This being said, the first step of the research was to identify clearly inconsistent data and, moreover, the countries that provided those data. Thus, the study ended up with only 9 countries.
Eurostat collects data from official agencies of the European Union Member States. However, as mentioned earlier, the data provided by the enterprises is voluntary. In fact, this implies a bias in the representativeness of the data, mainly in the SME companies, because their atomised and low qualified hierarchies make it difficult to provide the data voluntarily. The data in table 1 replicate a similar business structure in each one of the EU-9 members, characterised by a low number of large companies and a huge percentage of SME companies. Official data for the whole EU-27 (Eurostat, 2006) indicates that in 2005 there were 13,153,000 workers and 2,695,000 companies; noteworthy differences appear. The average number of workers is 49 for the EU-9, whereas it is 5 for the EU-27; the disparity is not only that more members are in the Union, but also that Eurostat obtains information from the companies on a voluntary basis, whereas the global data come from the official census. Regarding the number of enterprises and employees, only 3% and 12%, respectively, of the official data for the EU-27 (Eurostat, 2007) are represented in the Bach Project (table 1) . Whatever the case may be, it is more difficult to identify economies of scale and cost reductions in SME companies (Pearce, 2003 Subcontracting has also been increasing in the construction industry since the economic crisis of the 1970s (Winch, 1998) . It is also interrelated with migration flows (Wells, 1996; Drewer, 2001) . Some studies have approached the international mobility of workers and the employment policies by companies. Fellini et al. (2007) claimed that the hiring of foreign workers in the formal market has an indirect effect which escalated the informal migrant flows; this issue is especially important where SME subcontractors engage them, or in some countries like Italy and Portugal. In the construction industry, the hiring of migrant workers affects subcontractors, mainly; most of them are SME companies that are engaged by large companies, and also influence the market (Fellini et al., 2007) . This idea concurs with the results displayed in table 2, where personnel costs did not increase significantly until 2005 for the whole EU-9, whereas turnover showed a constant raise since 1999. The growth of subcontracting and hiring of migrant workers slowed the rise of personnel costs in the industry, till a point (2005) where the escalating demand was so important that personnel costs had to boost up too.
LIMITATIONS OF RESEARCH AND CONCLUSIONS
This research analyses the European construction industry using panel data from 1996 to 2005 for each of the selected nine countries. The study contributes to expand somewhat the knowledge of the construction industry, from a European perspective, considering the outstanding importance of the industry for the whole economy. The paper also highlights differences among the countries under analysis.
In the previous section, some factors that could explain the results were The macroeconomic analysis was performed using production functions.
Regression models were proposed that could be tested using future data to predict the behaviour of the construction industry in each of the countries. The use of production functions in the construction industry is an approach that should be further developed and applied to gather more precise information on the behaviour of the sector in each of the countries, not only in the EU but also worldwide. 
